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Abstract 

This note is an attempt to explain in simple words why the famous relation E — 
mc 2 misrepresents the essence of Einstein's relativity theory. The note is addressed 
to high-school teachers, and a part of it - to those university professors who permit 
themselves to say that the mass of a body increases with its velocity or momentum 
and thus mislead the teachers and their students. 



1 Introduction 

The moral health of the modern society and its material well-being are unthinkable 
without high status of science in the country. This status in a certain degree depends 
on how adequate is the image of science in the mirror of mass culture. For more than 
twenty years I have been collecting artifacts of mass culture (from postcards and T-shirts 
to popular articles and books) sporting "the famous Einstein's formula". 

Recently my friends added to my collection a Relativity Floxy Noxy mug. You can 
google (typing these four words in the search line of your computer) and see it: 





jg Special 9 





The Relativity Mug 



In a certain sense it contains the quintessence of my collection presenting the main 
popular science cliches and misconceptions. As they are quite often repeated in newspapers 
and textbooks, I decided to reproduce the text on the mug and to explain briefly what is 
wrong with it. I believe that it may be useful to many people. 
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2 The text on the mug 



There are three columns of text on the mug - to the right of the handle (1), to the left 
of the handle (2), opposite the handle (3): 

Column 1. In 1905 at the age of 26, Einstein 

proposed the Special Theory 

of Relativity, using the equation: 

E = mc 2 

where 

i?=energy, 

m=mass, 

c=the speed of light. 

Special relativity expresses the 

concept that matter and energy 

are really different forms of the 

same thing. Any mass has 

an associated energy and vice versa. 

Column 2. Albert Einstein's 

SPECIAL 

Theory of 

RELATIVITY 

In the 1850's it was calculated that light 

traveled at a fixed speed of 670 million mph. 

However, whatever speed we traveled at, we 

would never catch up with the speed of light. 

Einstein proposed that if the speed of 

light is always fixed, something else must 

give way, i. e. mass must change. An object 

must get heavier as it approaches the speed 

of light. He concluded that energy and 

mass must be interrelated. 

Column 3. His formula suggested that tiny 

amounts of mass can be converted 

into huge amounts of energy. . . 

. . . which revealed the secret of how 

stars shine and 

unlocked the key 

to atomic energy. 

3 My clarifications and comments 

Column 1. As is well known, Maxwell in 1860-70's united optics with electricity and 
magnetism by establishing equations describing not only static fields, but also alternating 
electromagnetic fields propagating in a vacuum with velocity of light. Several physicists 
in the 1880-90's after realizing that Maxwell equations are incompatible with equations of 
Newton mechanics have attempted to preserve the latter at velocities comparable to that 
of light by postulating that all new physics can be reduced to the increase of mass of a 
body with its velocity. These attempts were continued in the 20th century; they are briefly 
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described in the articles [1], [2]. However it became clear rather soon that some of the 
Newton equations cannot be preserved, for instance the famous equation F = ma, where 
F is force and a is acceleration. It turned out that the equations themselves should be 
changed in such a way that mass would not depend on velocity, but there would exist an 
important new link between mass and energy. Let us note that relation between force and 
momentum remained the same: F = dp/dt, but, as we will see below, the relation between 
momentum and velocity p = mv has changed. This had serious impact on the language 
and philosophy of physics. 

In summer of 1905 Einstein published a detailed article [3] in which he presented his 
theory which later got the name Einstein's theory of relativity. This theory extended to 
electromagnetic phenomena the principle of relativity formulated by Galileo and Newton. 
According to it, it is impossible by any experiment to find out whether a closed space (say, 
a cabin of a ship) is at rest or in a uniform and rectilinear motion. Soon the theory was 
extended to the newly discovered nuclear phenomena and got the name Special Relativity 
(SR). This theory describes the motion and interaction of fast particles whose velocities are 
comparable with the speed of light. Such particles are called relativistic. (In 1915 Einstein 
proposed General Relativity (GR) to describe gravity. But in this note we will not consider 
it.) 

In autumn of 1905 Einstein published a short note [4] in which he stated that in the 
framework of his theory the mass of a body is a measure of its energy content. The total 
energy E of a free body is equal, according to the theory of relativity, to the sum of its 
kinetic energy E K (of the motion as a whole) and its energy at rest - rest energy E : 

E = E K + E . (1) 

Of course, the concept of a free (isolated from any external influence) body is an idealization. 
But idealization (abstraction) lies at the basis of scientific method and is extremely fruitful. 

The realization that any body at rest possesses energy was the greatest discovery of the 
20th century. The amount of this energy is given by Einstein's equation: 

E = mc 2 , (2) 

where m is the mass of the body and c is the speed of light. (It was exactly in this form 
that Einstein had written equation (44) in 1921 in his lectures "The meaning of relativity" 
[5], though the notion of the rest energy E appeared already in the note [4].) 

The kinetic energy of ordinary bodies is given by the well known equation of Newton's 
mechanics E K = mv 2 /2. As the velocity v of an ordinary body is much less than c, the 
rest energy of a body is huge in comparison with its kinetic energy. But in the ordinary life 
the rest energy does not manifest itself. Einstein pointed out that part of it is liberated in 
the radioactive decays. 

Unfortunately, many famous physicists during the last century have formulated the 
Einstein equation in a "simplified form" by omitting the index zero: 

E = rnc 2 , (3) 

and treating this relation as increase of mass not only with energy but also with velocity 
and momentum of the body. 

In 1948 Einstein warned Barnett - the author of the book "Universe of Dr. Einstein" - 
against using the concept of mass depending on velocity. (A copy of this handwritten letter 
is reproduced in ref [1].) But sometimes, especially in his popular writings, he himself did 
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not care about the index zero. This semantic kink was caused by the clash of two languages 
- the old non-relativistic and the new, consistently relativistic one. 

Column 2. The assertion that the speed of light is always fixed at a value of 670 million 
mph is correct, but the dating (1850's) is not quite correct. That the speed of light is finite 
(not infinite), was established in 1676 by Romer who deduced this from observations of 
Jupiter's satellite. It followed from them that the speed is around 200 000 km/s. The first 
and more precise measurements of c on the Earth were performed by Fizeau in 1849. But 
the fact that the speed about 300 000 km/s is fixed and does not depend on the velocities 
of the source and the observer, was discovered in 1887 by Michelson and Morely. 

The statement that energy and mass are interrelated is correct: E = mc 2 , while that 
the mass changes with velocity is definitely wrong. In the theory of relativity (unlike the 
mechanics of Newton) the measure of inertia is not mass m but the total energy E of the 
body. The momentum p of a body is connected with its velocity v not by the Newton's 
relation p = mv but by the relation 

P = (E/c 2 )v. (4) 

As a result it is the more difficult to change the momentum of a body, the higher its total 
energy E. And E/c 2 = m only at zero momentum, when the total energy equals the rest 
energy E . 

One can feel more deeply that the measure of inertia is energy by considering the 
example of the Large Electron-Positron collider LEP which operated at CERN during the 
last decade of the 20th century. Particles with energy 50 GeV were kept in its 27 km ring 
tunnel by a rather weak field of iron magnets. (Without this field particles would fly along 
a strait line.) Exactly the same field would maintain the circulation of protons with the 
same momentum (and almost the same energy), though the mass of the proton is 2000 
times larger than the mass of the electron. In the year 2010 the Large Hadron Collider 
LHC started to operate in the same tunnel. To circulate protons with energy 3500 GeV, 
the magnetic field of superconducting magnets in it is 70 times stronger. 

Thus, the measure of inertia of a particle is its total energy 

Column 3. Here everything is correct if one uses the equation E = mc 2 and takes 
into account that in nuclear reactions in the stars, in the Sun and on the Earth a part of 
the rest energy of the particles which are burned is transformed into kinetic energy of the 
products of burning. The same is valid for any process of burning. 

4 Four dimensions of the world 

Now I would like to address a few words to those who are more or less familiar with the 
concept of four-dimensional world (4-world) introduced in the relativity theory in 1908 by 
Minkowski [6]. In the 4-world the time coordinate ct of an event and its position coordinates 
r form a 4- vector. Similarly the energy E of a free (isolated) body (more precisely, E/c 2 ) 
and three components of its momentum p (more precisely, p/c ) form four components of 
the pseudo-euclidean 4-vector. The scalar length of this 4-vector is given by the mass of 
the body m according to the equation 

m 2 = E 2 c~ 4 - p 2 c~ 2 . (5) 

(The words "pseudo euclidean" indicate that the square of the length of the 4-vector is 
equal not to the sum but to the difference of squares of its E- and p-components.) 
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Taylor and Wheeler in the book [8] put energy and momentum on the orthogonal axes, 
then on the hypotenuse they depict mass by a short and thick segment. But it is possible to 
present equation (5) simply as a right triangle if one rewrites it in the form E 2 = m 2 c 4 +p 2 c 2 
and puts mass and momentum on the orthogonal axes (see article [7]). Then energy is the 
hypotenuse, while mass and momentum are the other two legs. For any value of momentum 
the kinetic energy is 

E K = y / m 2 c 4 + p 2 c 2 - mc 2 . (6) 

The main equation (5) of relativity theory has been tested in thousands of experiments 
with the accuracy of up to ten digits. For a massive body whose momentum is zero it implies 
Eq = mc 2 . For a non- vanishing momentum one can rewrite it as (Ec~ 2 — m)[Ec~ 2 + m) — 
p 2 c~ 2 and at E K <C E derive from it the non-relativistic expression for kinetic energy E K = 
p 2 /2m without developing the square root. Similarly, for relativistic particles E — \p\c = 
mc 2 /2E. (This equation is essential for neutrino oscillations.) It follows also from equation 
(5) and from the formula (4) for velocity v = pc 2 /E that for a massless particle of light - 
the photon - the speed is always equal to c. 

The special theory of relativity is impeccable. One cannot say the same about its image 
in the mass culture. 

Unfortunately, the sudden illness and death of Minkowski did not allow him to per- 
suade his contemporaries to switch to the language of the four-dimensional world, and they 
continued futile attempts to explain the meaning of relativity theory in terms of Newton's 
three-dimensional mechanics. Though Einstein used the four-dimensional mathematical 
apparatus in deriving the equations of his general theory of relativity for gravitational 
interaction, I failed to find the equation E 2 c~ 4 — p 2 c~ 2 = m 2 on the pages of his writings. 

It appeared first in the articles of Klein [9], Fock[10], Gordon[ll] (1926) and especially in 
the works of Dirac [12] (1930) in which relativistic quantum mechanics was constructed (as 
is well known, Einstein, a co-founder of the concept of quantum, did not accept quantum 
mechanics). The equation appeared in the framework of not quantum but classical field 
theory much later, in the book "The classical theory of fields" by Landau and Lifshitz in 
1941 (in Russian) [13]. 

Four-dimensional description is equally good for massive and massless particles of mat- 
ter. It shows that mass and matter are not the same thing, that energy and momentum 
are the measures of all processes and motions in nature. As for the mass of the particles, 
it becomes non-essential for processes at high energies E 3> mc 2 . 

5 The speed of light as the unit of velocity 

The correct equations must be correct regardless of the choice of units. The existence 
of the universal maximal velocity c allows one to express any velocity v in units of c as a 
dimensionless number (3 = v/c. It is evident that in these units /3 — 1 for v — c. As a 
result one can get rid of c in the equations of relativity theory by rewriting equations (2), 
(4), (6) in the form 

E = m, m 2 = E 2 - p 2 , v = p/E. (7) 

As for equation (3) E = mc 2 , it is reduced to E — m, which evidently contradicts equation 
(1) E = E K + Eq = E K + m and hence is wrong. 
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6 Conclusion 



Volodya Gribov, whose attitude concerning E = mc 2 was the same as mine, gave me 
a friendly advice in 1980s not to struggle against the famous and false equation because 
this fight just cannot be won. It was with a feeling of permanent defeat that I was writing 
the text above for the forthcoming volume "Gribov-80" in the summer 2010, amidst the 
unprecedented heat and smog in Moscow, which could but adversely affect the quality 
of the text. In autumn, a few weeks ago, Julia Nyiri reminded me that this text is a 
continuation of my contribution to the volume "Gribov- 75" [14] in which I compared the 
equation E = mc 2 with a virus. Indeed, the concept of relativistic mass hidden in the 
equation E = mc 2 is a semantic virus similar to computer viruses. People infected by 
this virus (they often call themselves relativists) believe that Relativistic Mass is the main 
portal to Relativity Theory because mass is the measure of inertia. They ignore the fact 
that mass is the measure of inertia only for very slowly moving bodies and particles for 
which the rest energy E is much larger than the kinetic energy Ek- When velocities are 
not very low, mass is only an approximate measure of inertia. For fast particles for which 
Ek 3> E (photons, neutrinos, protons in LHC) the measure of inertia is the total energy 
E. 

It is well known that formulas in physics are a continuation of the ordinary language: 
equations are encoded sentences, while mathematical symbols in these equations are en- 
coded words or terms. To prevent confusion, each symbol must be unambiguously con- 
nected with a corresponding term. Is it possible to introduce in Special Relativity the 
concept of relativistic mass? Yes, it is possible: m r = E/c 2 , though it will be just another 
symbol for energy because c is a universal constant. Is it possible then to introduce the 
term relativistic rest mass m r0 = ml Yes, it is possible. Of course, it is equally possible to 
introduce both terms and both symbols. Although they are not needed in Special Relativ- 
ity as it is a complete, self consistent theory without them, their introduction is possible. 
What is not good is to denote the relativistic rest mass m r0 by m and then call it simply 
rest mass, because this presumes that mass m depends on velocity in Special Relativity 
(SR), while we all know that in SR m is Lorentz invariant: it is the same at rest and in 
motion, and hence, there is no sense in supplying it with indices. 

But the real trouble begins when m r is called the mass, is denoted by m and at the 
same time the ordinary Newtonian mass m is renamed into mo- Then the mixing of two 
languages ("French and Nizhegorodsky") mutilates the beautiful theory, leads to unbeliev- 
able confusion and thwarts its understanding. To top it all, some " philosophers-relativists" 
then allege that the mechanics of Newton is not a limiting case of mechanics of Einstein, 
and that these two theories are incommensurate. 

As a result of the reverse action of mass culture on the scientific culture, many chapters 
in the best text-book on physics of the 20th century published in 1960s - "The Feynman 
Lectures on Physics" [15] - repeat the statement that mass changes with velocity. The 
little book "What is relativity?" [16] by Landau and Rumer also claims that mass increases 
with velocity. (The book was written in the 1930s, before the arrest of both authors, and 
published in the 1950s after Rumer was released from exile. (Landau remained in jail for 
one year.)) "The classical theory of fields" by Landau and Lifshitz published in 1940s was 
the first text-book in the world in which mass was velocity- in dependent. But even in it 
the concept of rest energy E was missing and the Einstein's formula was mentioned in 
the form E = mc 2 . This discrepancy is kept in the latest edition of the book in the 21st 
century. Indeed, nobody is perfect. Our language is not perfect: "a spoken thought is a lie". 
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It is impossible in this short note to refer to the articles and books of the creators of 
relativity theory, but it is easy to hnd them by clicking the hyper references [1], [2], [7], [14], 
[17], [18] listed below. The seventh hyper reference [19] contains slides of the talk which 
explained why the teaching of physics must be based on two fundamental constants of 
nature: c and h. By operating with these two constants I plan to present the foundations 
of physics in a little book (100 pages) "The ABC of Physics". 

Acknowledgments 

I am grateful to Erica Gulyaeva, Marek Karliner, Elya and Vitaly Kisin, Olga Milyaeva, 
Boris Okun and Zurab Silagadze whose remarks helped me write this note. 
The work is supported by grant of the President of RF NSh-4172.2010.2 

References 

[1] The concept of mass. Physics Today. June 1989, 31-36. 

http : //www. itep . ru/theor/persons/labl80/ okun/ em_3 .pdf 

[2] The Einstein formula: E = mc 2 . "Isn't the Lord laughing"?. Physics - Uspekhi 51, 
(5), 513 - 527 (2008). 

http : / / www . itep . ru/theor/ persons/labl80/ okun/ em_29 . pdf 

[3] Einstein A/ Zur Electrodynamik bewegter Korper. Ann Phys 17, 891-921 (1905). 

[4] Einstein A. 1st die Tragheit eines Korper s von seinem Energieinhalt abhanging? Ann 
Phys 18, 639-641 (1905). 

[5] Einstein A. Four lectures on the theory of relativity, held at Princeton University in 
May 1921. Collected papers of Albert Einstein v 7, doc 71, Princeton (1997). 

[6] Minkowski H. Raum und Zeit. Phys Zeit 10, 104-111 (1909). 

[7] The theory of relativity and the Pythagorean theorem. Physics - Uspekhi 51, (6), 622 

- 631 (2008). 

http : / / www . itep . ru/theor/ persons/labl80/ okun/ em_30 . pdf 

[8] Taylor E F, Wheeler J A. Spacetime physics. New York (1992) (pp 246-252 Dialog: 
Use and Abuse of the concept of mass) . 

[9] Klein O. Quantum Theorie und funfdimensionale Relativitatstheorie. Zeit f Physik 37, 
895-906 (1926). 

[10] Fock V. Uber die invarianten Form der Wellen- und der Bewegungsgleichungen fur 
einen geladenen Massenpunkt. Zeit f Physik 39, 226-232 (1926). 

On the invariant form of wave and motion equations for a charged point mass, Physics 

- Uspekhi 53(8) (2010). 

[11] Gordon W. Der Compton Effect nach der Schrodingerschen Theorie. Zeit f Physik 40, 
117-133 (1926). 

[12] Dirac P A M. The principles of quantum mechanics. (1930). 



7 



[13] JlaH^ay Jl R, JTndpiLunj, E M. Teopna nojia. M 1941. (in Russian). 

Landau L D, Lifshitz E M. The classical theory of fields. Reed Publishing Ltd (2000). 

[14] The virus of relativistic mass in the year of physics in Gribov memorial volume (quarks, 
hadrons and strong interactions). Yu L Dokshitzer, P Levai, J Nyri Editors, WS, (2006) 
470-473. 

http : / / www . itep . ru/ theor/ persons/labl80/ okun/ em_22 . pdf 

[15] Feynman R P, Leighton R B, Sands M. The Feynman lectures on physics. Addison- 
Wesley (1963). 

[16] Jl ,H, JlaH^ay, K) B PyMep. Hto Taxoe OTHOCHTejitHOCTb? CoBeTCKaa Pocchh, M 
(1959). (in Russian). 

Landau L D, Rumer Yu B. What is relativity? Dover (2003). 

[17] Energy and Mass in Relativity Theory. World Scientific. (2009). 
http : //www. worldscibooks . com/physics/6833 .html 

[18] Mass versus relativistic and rest masses. Am. J. Phys. 77, (5), 430-431 (2009). 
http : //www . itep . ru/theor/persons/labl80/okun/doc/A JP000430 . pdf 

[19] The main concepts and laws of physics and properties of elementary particles of matter, 
talk at the Presidium of the Russian Academy of Sciences, 27.10.2009, presented on 
the site of the Division of Physical Sciences of RAS (in Russian) . 

http : //www . gpad . ac . ru/inf o/ contributions/Okun_Prez . pdf 



8 



"PEJIHTHBHCTCKAH" KPY>KKA 

Jl. B. OKyHb 
HT30, MocKBa, Pocchh 

24.10.10 



AHHOTau,Ha 

3Ta 3aMeTKa npe^cTaBjiaeT co6ofi nonbiTKy npocTO oGtacHHTb. no^eMy 3HaMeHH- 
Toe cooTHOineHiie E = mc 2 HenpaBiijibHO Bbipa>KaeT cyTb TeopHH OTHOCHTejibHOCTii 
SfiHuiTeftHa. 3aMeTKa b ochobhom a^pecoBaHa uiKOjibHbiM npeno^aBaTejiaM, a nacTb 
ee - TeM yHHBepcHTeTCKHM upocpeccopaM, KOTopbie no3BOJiaioT ce6e roBopHTb, hto 
Macca Tena paereT c poctom ero CKopocTii hjih HMnyjibca, h TeM caMbiM bbo^st b 
3a6jiyjK^eHHe niKOJibHbix iipeiio^aBaTejiefi h hx y^eHHKOB. 



1 BBe^emie 

HpaBCTBeHHoe 3,a,opoBbe coBpeMeHHoro o6mecTBa h ero MaTepnajibHoe 6jiaronojiyMHe 
HeB03MOJKHbi 6e3 BbicoKoro CTaTyca HayKH b CTpaHe. A sto, b H3BecTHOH Mepe onpeflejia- 
eTCH TeM, HacKOJibKO a/i,eKBaTHO Hayxa OTpajKaeTCH b 3epKajie MaccoBoit KyjibTypbi. Bo.nee 
flBaflu,aTH jieT h co6Hpaio apTecjmKTbi MaccoBoft KyjibTypbi (ot otkpbitok h (pyT6ojiOK ,a,o 
HayHHO-nonyjiapHbix CTaTeit h KHiir) , nocBHmeHHbie „3HaMeHHToii (popMyjie BftHnrreHHa". 

HeflaBHO ,npy3bH noflapujin mhg KpyjKKy, KOTopaa Ha3biBaeTCH Relativity Floxy Noxy 
mug. Ecjih Ha6paTb stii ueTbipe cjiOBa b noncKOBiiKe KOMnbiOTepa, to mojkho paccMOTpeTb 
KpyjKKy. 

OHa b HeKOTopoM CMbicjie npeflCTaBjiaeT co6oii KBiiHTacceHUHio Moeit KOjijieKiBra, Tax 
KaK co/i,epjKHT ocHOBHbie HayuHO-nonyjiapHbie niTaivinbi no stoh TeMe. IIocKOjibKy sth 




KpyjKKa Relativity 



HiTaMnbi npoflOJiJKaiOT nonaflaTt b ra3eTBi h b yne6HHKH, h perunji BOcnpoH3BecTH Hafl- 
nncH Ha naniKe h KpaTKO o6t>hchhtb, hto b hhx HeBepHO. flyiviaio, hto nojiyHHBinaHCH 
3aMeTKa mojkct 6bitb nojie3Ha mhoitim . 



2 IlepeBO,!], Ha pyccKHH h3l>ik TeKCTa Ha Kpy^KKe 

Ha KpyjKKe hmciotch Tpn kojiohkh TeKCTa - HanpaBO ot pyHKH (1), HajieBO ot pynKH 
(2), HanpoTHB pyMKH (3): 
KojioHKa 1. 

B 1905 rofly 26-jieTHHH BftHiHTeira 
npe,a,jiojKHji CneiniajiBHyio Teopnio 
Othochtcjibhocth, HcnojiB3yH ypaBHemie: 
E = mc 2 , 
r^e 

i?=3HeprHH, 
m=Macca, 

C=CKOpOCTB CBeTa. 

Cneu,HajibHaH Teopns othochtcjibhocth BBipajKaeT 
mbicjib, hto MaTepna H SHeprHH 

HBJIJHOTCH B CyiHHOCTH pa3JIHHHBIMH CpOpMaMH 

o/xnoro h Toro jkc JIio6aH Macca HMeeT 

CBH3aHHyio c Hell SHeprHio, h Hao6opoT. 

KojioHKa 2. 

CIIEUHAJIbHAH 

Teopna 

OTHOCHTEJIBHOCTH 

AjibGepTa BftHHiTenHa. 

B 1850-x rojj,ax 6bijio bbihhcjicho, hto cbct 

JJBHJKeTCH C CpHKCHpOBaHHOH CKOpOCTBK) 
670 MHJIJIHOHOB MHJIB B Mac. 

OflHaKO, KaK 6bi 6bictpo mbi hh /xBHrajiHCB, 
jjpraaTB cbct mbi He MOJKeM. 

3hhhitchh npejjjiojKHji, hto ecjin ckopoctb CBeTa 
Bcerjj,a cpHKcnpoBaHa, to hto-to .apyroe jj,ojijkho 

H3MCHHTBCH, a HMeHHO flOJIJKHa H3MCHHTBCH MaCCa. IIpeflMeT 

flOJiJKeH CTaHOBHTbca THJKejiee no Mepe Toro, KaK ero ckopoctb npH6jiHJKaeTCH 

K CKOpOCTH CBeTa. Oh 3aKJHOHHJI, HTO SHeprna H 

Macca ji,ojijkhbi 6bitb CBH3aHHBiMH flpyr c flpyroM. 
KojioHKa 3. 

Ero cpopMyjia 03HanaeT, hto MajieHhKHe 
KOJIHHeCTBa Maccbi mojkho npeBpaTHTB 
b orpoMHBie KOjinnecTBa SHeprHH... 
...hto pacKpBijio ceKpeT Toro, KaK 

CHJHOT 3Be3flbI, H 
nOCJiyJKHJIO KJIIOHOM 
K aTOMHOH SHeprHH. 
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3 MOH yTOHHeHHH H KOMMeHTapHH 



KojioHKa 1. KaK H3BeerHO, b 1860- 70-x ronax MaKCBejui oGteflHHHji onTiiKy c cpH3H- 

KOH SJieKTpHHeCKHX H MarHHTHBIX HBJieHHH, OTKpBIB ypaBHeHHH, onHCBiBaiomiie He TOJIBKO 

CTaTHHecKoe, ho h HBHJKymeecH b BaKyyivie co ckopoctbio CBeTa sjieKTpoMarHHTHoe nojie. 
B 1880-90-x roflax pnn, cpH3HKOB, o6Hapy jkhb , hto ypaBHeHHH MaKCBejuia He corjiacyiOTCH 
c ypaBHeHHHMH MexaHHKH HBiOTOHa, nonBiTajiHCB coxpaHHTB ypaBHeHHH HBiOTOHa h npn 

CKOpOCTHX, CpaBHHMBIX CO CKOpOCTBK) CBeTa, 3anpHraB BCe HOBOe b riinoTe3y O TOM, HTO 

Macca Tejia pacTer c poctom ero ckopocth. 3th nonBiTKH nponojincajiHCB h b XX Bexe; 

OHH KpaTKO OnilCaHBI B CTaTBHX [1], [2]. OflHaKO HOBOJIBHO CKOpO BBIHCHHJIOCB, HTO TaK 

mojkho nocTynHTb He co BceMii ypaBHeHHHMH HbiOTOHa; HanpHMep, TaK HejiB3H nocTynHTb 
co 3HaMeHiiTBiM ypaBHeHHeM F = ma, rne F -cnjia, a a - ycKopeHHe. 0Ka3ajiocB, hto Hanp 

H3MCHHTB CaMH ypaBHeHHH MexaHHKH HbiOTOHa, COXpaHHB npH 3TOM He3aBHCHMOCTB Mac- 
CBI OT CKOpOCTH, HO yCTaHOBHB HOByK), OHeHB BajKHyK) CBH3B MaCCBI H SHeprHH. SaMCTHM, 
HTO CBH3B CHJIBI C HMnyjIBCOM npH 3TOM COXpaHHJiaCB: F = dp/dt, HO CBH3B HMnyjibca CO 

ckopoctbio p = mv CTajia, KaK mm yBHHHM, hhoh. Bee' sto conpoBOJKflajiocb H3MeHeHHeM 

H3BIKa H (pHJIOCOCpHH CpH3HKH. 

JleTOM 1905 rona 3hhhit6hh ony6jiHKOBaji neTajiBHyio CTaTbio [3], b KOTopoii npe,a,jio- 
jkhji TeopHio, BCKope HasBaHyio Teopnen othochtcjibhocth SftHHiTeHHa, nocKOjibKy b Hen 
Ha sjieKTpoMarHHTHbie hbjichhh 6biji pacnpoerpaHeH npHHunn othochtcjibhocth TajiHjieH- 
HbiOTOHa. CorjiacHO STOMy npHHunny, HHKaKHMH onbiTaMH BHyTpn 3aMKHyToro npocTpaH- 

CTBa (HanpHMep, KaiOTBI KOpa6jIH) HeB03MOJKHO BBIHCHHTB, HBHJKeTCH JIH OHO npHMOJIH- 

HeHHO h paBHOMepHO, hjih noKOHTCH. 3aTeM 3Ty Teopnio pacnpocTpaHHjiH H Ha TOJIBKO 
hto OTKpbiTBie nnepHBie HBjieHHH, h 3a Hen 3aKpenHjiocb Ha3BaHHe CneuHajiBHaH TeopHH 

OTHOCHTejIBHOCTH (CTO). U.O CyiHeCTBy, CTO - 3TO TeopHH HBHJKeHHH H B3aHMOJJ,eHCTBHH 
6bICTpBIX HaCTHH,, CKOpOCTb KOTOpblX CpaBHHMa CO CKOpOCTBK) CBeTa. TaKHe HaCTHHBI CTajIH 

Ha3BiBaTB pejiHTHBHCTCKHMH . (B 1915 rony 9iiHHiTeHH npejjjiojKHji 06myio Teopnio Ot- 

HOCHTejIBHOCTH (OTO), OnHCBIBaiOIIiyiO rpaBHTaiI,HOHHBie HBJieHHH. Ho B 3TOH 3aMeTKe MBI 

ee KacaTBCH He 6yneM.) 

OceHBio 1905 rojj,a noHBHjiacb KopoTKan 3aMeTKa SnHHiTeiiHa [4] o tom, hto Macca Tejia 
ecTB Mepa conepjKamelicH b hSm SHepnoi. B TeopHH othocht6jibhocth nojiHan SHeprnn 
CBo6oflHoro Tejia E paBHa cyMMe ero KHHeTHnecKoii SHeprHH, T.e. SHeprnn jj,bhjk6hhh Tejia 
KaK uejioro Ek h SHeprnn, conepjKameHCH b noKonmeMCH Tejie, T.e. SHepriiii noKOH E : 

E = E K + E . (1) 
Pa3yMeeTCH, npencTaBjieHiie o cbo6ojihom Tejie, H30jiHpoBaHHOM ot Bcex BHeniHHx B03,aeH- 

CTBHH, HBJIHeTCH HJJ,eajIH3aiI,HeH, a6cTpaKH,HeH. Ho a6cTpaKHHH JiejKHT B OCHOBe HayHHoro 

MeTona h HBjineTCH hckjuohhtcjibho njioflOTBopHOH. 

0co3HaHne Toro, hto jno6oe noKoameecji Tejio o6jiaja,aeT SHeprnen, 6bijio BejiHHaHHiHM 
OTKpBiTiieM XX BeKa. BejiiiHiiHa stoh SHepriiii BBipajKaeTCH nepe3 Maccy Tejia m cootho- 
rneHiieM 3iiHinTeHHa: 

E = mc 2 . (2) 
(HMeHHO b TaKOM Biijo,e Haniicaji 3liHinTeHH ypaBHeHiie (44) b jieKuirax ,, CynrHOCTB Teopiiii 

OTHOCHTejIBHOCTH " [5], npOHHTaHHBIX HM B 1921 TOHy, XOTH nOHHTHe SHepiTIII nOKOH E 

noHBHjiocb yjKe b 3aMeTKe [4] 1905 rojj,a.) 

nocKOjibKy KHHeTHHecKan SHeprHH o6bihhbix OKpyjKaiomHx Hac Teji jj,aeTCH h3bccthoh 
cpopMyjiOH MexaHHKH HbiOTOHa E K = mv 2 /2 h nocKOjibKy CKopocTb o6biHHbix Teji v MHoro 

MeHbHie CKOpOCTH CBeTa C, TO HX KHHeTHHeCKaH SHeprHH HeH3MepHMO MeHBHie HX SHeprHH 
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noKOH. Ho b KajKflOflHeBHOH jkh3hh SHeprnH noKOH He npoHBjiaeTCH. 3iiHniTeHH cpa3y me 
3aMeTHji, hto nacTB 3toh SHeprnn BbiflejiseTCH npn pacna,a,e pa;j,HoaKTHBHBix a^ep. 

K cojKajieHHio , kbk b Hanajie, Tax h Ha npoTHJKeHHH Bcero XX Bexa, MHorne H3BecT- 
Hbie cpH3HKH (popMyjiHpoBajiH cooTHonieHne 9HHinTeHHa b „ynpoin,eHHOM BH,a,e", onycKaa 
HH,a,eKC ho jib y SHeprnn: 

E = mc 2 (3) 

H TpaKTyH 3TO COOTHOHieHHe KaK B03paCTaHHe MaCCBI C pOCTOM He TOJIBKO SHeprHH, HO H 

HMnyjibca, h ckopocth Tejia. 

H3BecTHO nncBMO 1948 rofla BapHeTTy — aBTopy KHHrn „BcejieHHaa jj,OKTopa 3hh- 
HiTeliHa", b kotopom SnHrnreHH npe,n;ynpe:>KflaeT o tom, hto He cjie/jyeT nojiB30BaTBCH 

nOHHTHeM MaCCBI, 3aBHCHIHeH OT CKOpOCTH (cMOTpHTe KOnHK) pyKOnHCH STOrO nHCBMa B 

[1]). Ho BpeMeHaMH, oco6eHHO b HaynHO-nonyjiapHBrx TeKCTax, n oh onycKaji HHjj,eKC hojib. 
no cymecTBy, ceMaHTnnecKoe 3aBnxpeHiie b ero TBopnecTBe bo3hhkjio npn ctojikhob6hhh 

flByX H3BIKOB - CTapOrO HepejIHTHBHCTCKOrO H HOBOrO pejIHTHBHCTCKOrO . 

KojioHKa 2. YTBepjKfleHHe o tom, hto CBeT Bcerjj,a HMeeT cpHKcnpoBaHHyio ckopoctb 

670 MHJIJIHOHOB MHJIb B HaC, - npaBHJIBHOe, HO yTBep JKJJ,eHHe , HTO 3TO 6bIJIO BBIHHCJieHO B 

1850-x rojo,ax, He BnojiHe BepHoe. Hto ckopoctb CBeTa KOHenHa, a He 6ecKOHenHa, bbihchhji 
b 1676 rofly P&viep, onpeflejinBinnn ee no Ha6jnojj,eHHHM cnyTHHKa K)nHTepa. H3 hhx cjie- 
jj,OBajio,HTO OHa coeraBjiaeT npHMepHO 200 000 km/c. nepBBie h 6ojiee TOHHBie H3MepeHHH b 
3eMHbix ycjiOBHHx npoH3Beji Oh30 b 1849 ro/xy. A to, hto ckopoctb 300 000 km/c c bbicokoh 

TOHHOCTBK) CpHKCHpOBaHa, T.e. He 3aBHCHT OT CKOpOCTH HCTOHHHKa CBeTa H Ha6jHOJJ,aTejIH, 

o6HapyjKHjiH b 1887 ro/oy ManKejiBCOH h Mopjni. 

3aKjiiOHeHHe o tom, hto SHeprna h Macca CBH3aHBi flpyr c jjpyroM, HecoMHeHHO npa- 
BHjiBHoe, nocKOJiBKy Eq = mc 2 . A bot yTBep>Kjj,eHHe o tom, hto Macca Tejia ppjimna, Me- 
hhtbch BMecTe c ero CKopocTBio, 3aBejj,OMO HeBepHoe. B Teopnn othochtcjibhocth, b ot- 
jinnne ot MexaHHKH HbiOTOHa, Mepoii HHepuHH HBjiaeTCH He Macca Tejia m, a ero nojmas: 
SHeprna E, a HMnyjibc Tejia p CBH3aH c ero ckopoctbio v He cooTHorueHHeM HbiOTOHa 
p = mv, a cooTHonieHHeM 

P = {E/c 2 )v. (4) 

B pe3yjiBTaTe H3MeHHTB HMnyjibc Tejia TeM TpyzrneH , neM 6ojibine ero aHeprna E. H tojibko 
npn HyjieBOM HMnyjibce, Korfla E = E , T.e. Korjo,a nojraas: aHeprns: paBHa SHeprnn noKOH, 
tojibko Torjj,a E/c 2 — m . 

nponyBCTBOBaTB, hto HMeHHO SHepriiH HacTiin,Bi HBjiaeTCH Mepofl ee HHepunn mojkho 
Ha npHMepe BojiBHioro 3jieKTpoH-Ho3HTpoHHoro KOjuian,a,epa LEP, pa6oTaBHiero b HEPH 
b nocjie^Hee jj,ecsTHjieTHe XX BeKa. B ero kojibucbom TyHHejie jj,jihhoh 27 km ajieKTpoHbi h 
no3HTpoHBi c SHeprnen okojio 50 TsB jieTejiH HaBcrpeny flpyr /jpyry. yja,epjKHBajincB ohh 
b 3tom KOjibue flOBOJiBHO cjiaGbiM nojieM >Kejie3HBix MarHiiTOB, pacnojiojKeHHbix b TyHHejie. 
(Ecjih 6bi He 6bijio nojia, nacTHHBi JieTejiH 6bi no HHepunn no npaMon jihhhh.) Tomho TaK 
jKe yjj,epjKHBajio 6bi sto nojie n npoTOHBi c TeM jKe HMnyjiBCOM n noHTH toh jKe SHeprnen, 
HecMOTps Ha to, hto Macca npoTOHa nonTH b 2000 pa3 6ojiBnie MaccBi sjieKTpoHa. B 2010 
ro;j,y b tom jKe TyHHejie 3apa6oTaji Bojibhioh Ajjpohhbih Kojuiaiiflep LHC. Hto6bi y^ep- 
jKHBaTB b HeM npoTOHBi c 3HeprneH 3500 TsB, noHaja,o6HjiocB b 70 pa3 6ojiee cnjibHoe nojie 
CBepxnpoBOfljnniix MamHTOB. 

HTaK, Mepoii HHepn,HH nacTnnBi sBjiseTCs ee nojmaH SHeprnji. 

KojioHKa 3. 3^ecB Bee npaBH jibho , ecjin tobophtb o cpopMyjie Eq = mc 2 h ynecTB, hto 
b H,ii,epHbix peaKii,HHx b 3Be3jj,ax, Ha CojiHii,e n Ha 3eMjie nacTb SHeprnn noKOH cropaiomnx 
nacTHii, npeBparu,aeTCH b SHeprnio jj,BHJKeHHH npo/oyKTOB ropeHHH. 3to jKe, pa3yMeeTCH, 
othochtch h ko BceM npoii,eccaM ropeHHH. 
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4 HeTbipe H3MepeHH5i MHpa 



Tenepb h xoTeji 6h CKa3aTb HecKOjibKO cjiob TeM, kto 6ojiee hjih MeHee 3heikom c ne- 
TbipexMepHbiM M&TeM&THHecKHM annapaTOM Teopnn othochtc jibhocth , BBe^eHHbiM Mhh- 
kobckhm b 1908 rojxy [6]. B MeTbipexMepHOM MHpe (4-Mnpe) MiiHKOBCKoro BpeMemiaH ko- 
opflHHaTa co6bithh ct h 3-BeKTop ero npocTpaHCTBeHHoro nojiojKeHHJi r o6pa3yK»T neTbi- 
pexMepHbiH B6KTop. AHajiornMHbiM o6pa30M SHeprHH CBo6oflHoro (H30jiHpoBamioro) Tejia 
E (6ojiee tohho, E/c 2 ) h Tpn KOMnoHeHTbi ero HMnyjibca p (6ojiee tohho, p/c) o6pa3y- 
iot MeTbipe KOMnoH6HTbi nceBjj,oeBKiiHjj,OBa 4-BeKTopa. Macca Tejia m npe^CTaBjiaeT co6oh 
cxajiap, paBHbiH j/yiHHe SToro 4-BeKTopa: 



(Cjiobo „nceBfloeBKjiHflOBbiii" yKa3biBaeT Ha to, hto KBajipaT jijihhbi 4-BeKTopa paBeH He 
cyMMe, a pa3HOCTH KBajipaTOB ero E- h p- KOMnoHeHT.) 

TeHjiop h Ynjiep b KHHre [8] OTKjiajJHiBaiOT BejiHHHHBi SHeprnn h HMnyjibca no opToro- 
HajibHbiM ochm, a Ha rnnoTeHy3e npaMoyrojiBHoro TpeyrojibHHKa OTKjiajibiBaiOT BejiHHHHy 
Maccbi c noMonrbio yTOjimeHHoro OTpe3Ka. Ho mojkho npocTO H3o6pa3HTb cooTHOineHne 
(5) b Biifle npHMoyrojibHoro TpeyrojibHHKa, ecjm nepenncaTb ero b BHne E 2 = m 2 c 4 + p 2 c 2 
(cMOTpHTe CTaTbio [7]). Torjo,a SHeprna - rnnoTeHy3a, a Macca h HMnyjibc - KaTeTbi. Ot- 
ciofla, b nacTHOCTH, cjiejjyeT, hto 



OcHOBHoe cooTHOineHne cneuHajibHOH Teopnn OTHOCHTejibHOCTH (5) npoBepeHO b tbi- 
canax onbiTOB c tohhoctbk) no necaTKa 3HaMain,nx Hiicpp. H3 Hero, jijih Tejia, 06- 
jia,a,aiornero Maccoii, npn HMnyjibce, paBHOM Hyjno, cjienyeT cpopMyjia E = mc 2 , 
rne HH^eKC hojib y SHeprnn yKa3biBaeT Ha to, hto E sto SHeprara He jj,BHJKyrn,ero- 
ch, a HMeHHO noKoamerocH Tejia. Ecjih me nepenncaTb sto me cooTHorueHne b BH,ae 
[Ec~ 2 — m){Ec~ 2 + m) — p 2 c~ 2 , to npn E K <C E 6e3 pa3jiojKeHnn KBanpaTHoro kophh 
nojiynaeTCH HbiOTOHOBCKoe Ex = p 2 /2m. AnajiornnHbiM o6pa30M jjjih pcjihthbhctckhx 
nacran, nojiynaeM E — \p\c = mc 2 /2E. (3to ypaBHeHne oneHb cym,ecTBeHHO npn onncaHnn 
HeHTpnHHbix ocithjijihhhh.) H3 Toro me cooTHorueHnn (5) n cpopMyjibi (4) jijih ckopocth 
v = pc 2 /E cjie/jyeT, hto CKopocTb 6e3MaccoBoro cpOTOHa npn jiio6oh SHeprnn paBHa c. 

Tax hto cnen,najiBHaH Teopna OTHOCHTejibHOCTH 6e3ynpenHa, nero Hejib3H cxa3aTb o ee 
nonyjiHpH3an,H5ix. 

K cojKajieHHio, BHe3anHaa 6ojie3Hb 11 CMepTb MiiHKOBCKoro He no3BOJiHjiH eMy y6e- 
jj,HTb ero coBpeMeHHHKOB b npeiiMymecTBax neTbipexMepHoro Miipa, n ohh nponpjiHta- 
jih „3acoBbiBaTb" cojj,epjKaHiie Teopiin OTHOCHTejibHOCTH b TpexMepHbie ypaBnenns ue- 
xaHiiKii HbiOTOHa. Xoth 3liHinTeliH ncnojib30Baji neTbipexMepne npn cpopMyjinpoBKe 06- 
m,en Teopnn OTHOCHTejibHOCTH KaK Teopnn rpaBHTarniOHHoro B3aiiMOJj,eiiCTBHH, ypaBHemiH 
E 2 c~ 4 — p 2 c~ 2 = m 2 b ero co6parinn cohhh6hhh MHe Haft™ He yzrajiocb. BnepBbie oho no- 
HBiijiocb b CTaTbHx KjieliHa [9], Ooxa [10], ropja,OHa [11] (1926) 11 oco6eriHO Tpyjj,ax /],npaKa 
[12] (1930), b KOTopbix 6bijia co3Jj,aHa pejiHTiiBiiCTCKaa KBaHTOBas MexaHiiKa. (3iiHinTeiiH, 

HeCMOTpH Ha TO, HTO OH CTOHJI y HCTOKOB nOHHTHH KBaHTa, TaK H He npHHHJI KBaHTOBOH 

MexaHHKH.) 11 tojibko no3jo,Hee 3Ta cpopMyjia noHBHjiacb He TOjibKO b KBaHTOBOH, ho h b 
KjiaccHnecKOH 3jieKTpojo,HHaMHKe, b yne6HHKe „TeopHH nojia" JIaHjj,ay h JlHCpHiHii,a b 1941 
rofly (Ha pyccKOM H3biKe) [13]. 

HeTbipexMepne no3BOJiHjio eflHHbiM o6pa30M onncbiBaTb KaK MaccHBHbie, TaK h 6e3Mac- 
coBbie HacTHiibi MaTepHH. Oho no3BOJiHjio hohhtb, hto Macca h MaTepna - sto He ojo,ho h 



m 2 = E 2 c~ 4 - pV 2 . 



(5) 




(6) 
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to ace, hto SHeprna h HMnyjibc - sto Mepti Bcex npoueccoB h Bcex jxBHJKeHHH b npnpone. 
Hto jKe KacaeTCH MaccBi HacTHH,, to OHa CTaHOBHTCH Hecym,ecTBeHHOH b npoHeccax npn 
oneHb bbicokhx SHeprnax E 3> mc 2 . 

5 CKOpOCTb CBeTa KaK e^HHHI^a CKOpOCTH 

Cyrn,ecTBOBaHHe ymiBepcajiBHOH MaKCHMajiBHOH ckopocth c naer bo3mojkhoctb Bbipa- 
jKaTb jno6yio ckopoctb v b ejjHHHHax c KaK 6e3pa3MepHoe hhcjio /3 = v/c. npn stom 
OHeBHnHO, hto jijih caMoft c nojiynaeTCH /3 = 1. 3to no3BOJiaeT BOo6me H36aBHTBCH ot 
6yKBBi c b ypaBHeHHHx TeopHH OTHOCHTejiBHOCTH, 3anncaB ypaBHeHHH (2), (4), (6) B BHHe 

E = m, m 2 = E 2 - p 2 , v = p/E. (7) 

YpaBHeHiie nte (3) E = mc 2 cbohhtch k E = m. Oho hbho npoTHBopenHT ypaBH6Hiiio (1) 
E = Ek + Eq = Ek + m h, cjie^OBaTejibHO, HenpaBHjiBHO . 

6 SaKJuoneHHe 

B 1980-x roflax Bojiohh Tph6ob, B3rjiH,a,Bi KOToporo Ha E = mc 2 nojiHOCTBio coBnanajin 
c mohmh, no-/],pyjKecKH coBeTOBaji MHe He 6opotbch c sthm HeBepHbiM ypaBHemieM, t.k. 
no6e^HTb ero HejiB3H. C onrymeHHeM nocTOHHHoro nopajKeHHH nncaji h npenBLiryiHHH tckct 
fljia TOMa „rpH6oB-80" jieTOM 2010 rona bo BpeMH HeGbiBajion jKapti h CMora b MocKBe, hto 
He Morao He yxyaniHTB KanecTBO TeKCTa. OceHbio, hcckojibko HenejiB TOMy Hasan,, IOjihh 
Hnpn HanoMHHjia MHe, hto stot TeKCT HBjiseTCs no cymecTBy nponpjiJKeHHeM Toro, hto 
h ony6jiHKOBaji b TOMe „rpH6oB-75" [14]. TaM h cpaBHHji (popMyjry E = mc 2 c BHpycoM. 
^elicTBHTejiBHO, noHHTHe pejiHTHBHCTCKoii Maccbi,3anpHTaHHoe b stoh (popMyjie, - sto ce- 
MaHTHnecKHH BHpyc, oneHB noxojKHii Ha KOMnBiOTepHBie BHpycBi. 3apajKeHHbie hm jhohh 
(ohh nacTO Ha3BiBaiOT ce6a pejisTHBHCTaMii) y6e>KfleHBi, hto PejiHTHBHCTCKaa Macca - sto 
ochobhoh nopTaji, BenymHH b 3naHHe TeopHH 0thocht6jibhocth. Ohh yGejKneHBi b stom, 
noTOMy hto CHHTaiOT Maccy Mepon HHepiniH. Ohh HrHopnpyiOT tot cpaKT, hto Macca hb- 
jiaeTCH Mepoft HHepiniH tojibko fljia oneHb Me/yiemihix Teji h nacTHn;, y kotopmx SHeprna 
noKOH Eq HacTOJibKO 6ojibrne, neM KHHeTHHecKaa SHeprna Ek, hto KHHeTHnecKOH SHeprnen 
mojkho npeHe6peHb. Ilpn He oneHB Majibix ckopocthx Macca - sto TOjibKO npnGjin^KeHHaa 
Mepa HHepn,HH. fljia 6biCTpbix me nacTHu, (cpotohob, HeHTDHHO, npoTOHOB b Bojibhiom Ajt- 
POhhom Kojijiannepe) , pjm kotopbix E K 3> mc 2 , Mepofl HHepirHH HBjiaeTca hx SHeprna 
E. 

06m,eH3BecTHO, hto cpopMyjibi b cpH3HKe - sto npoflOJKKeHHe oGbiHHoro H3biKa: ypaB- 
HeHHH - STO 3aKOflHpOBaHHBie (ppaSBI, a CHMBOJIBI, H3 KOTOpBIX COCTOHT ypaBHeHHH, 3a- 
MeHHIOT o6bIHHBie CJIOBa HJIH TepMHHBI. Hto6bI He B03HHKajia nyTaHHH,a, KaJKflBIH CHMBOJI 
flOJIJKeH 6bITb OflH03HaHHO CBH3aH C COOTBeTCTByiOH^HM eMy TepMHHOM. MOJKHO JIH BBe- 
CTH B TeOpHK) OTHOCHTejiBHOCTH nOHHTHe pejIHTHBHCTCKOH MaCCBI? Be3yCJIOBHO - MOJKHO: 

m r = E/c 2 , xoth sto 6yjo,eT npocTO /jpyrHM o6o3HaneHHeM SHeprnn, nocKOJiBKy c - yHH- 
BepcajiBHaa KOHCTaHTa. Mojkho jih BCJie/i, 3a sthm bbccth noHHTHe pcjihthbhctckoh MaccBi 
noKoa: m r0 = ml Be3ycjiOBHO - mojkho. Kohchho, mojkho BBecTH h to, h npyroe; ho He3a- 
neM, noTOMy hto CTO h 6e3 m r , h 6e3 m r o hbjihctch 3aKOHneHHOH, caMOCorjiacoBaHHoli 
Teopnen. A bot STy pejiHTHBHCTCKyio Maccy noKOH m r Q o6o3HanaTB chmbojiom mo h Ha- 
3biBaTB ee npocTO Maccoii noKOH yjKe Hexoponio, t. k. sto yjKe KaK 6bi nojj,pa3yMeBaeT, 
hto b CTO Macca m 3aBHCHT ot ckopocth. A Bee mm npeKpacHO 3HaeM, hto b CTO m - 
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jiopeHu,OBCKHH hhb&ph&ht: Macca m oflHa h Ta me b noKoe h b ^bh jKeHiin , h HaBeninBaTb 
Ha Hee HH^eKCBi 6eccMbicjieHHo. 

Ho HacTOHru,aH 6e^a B03HHKaeT, Koraa m r Ha3biBaiOT Maccofl h o6o3HanaiOT chmbojiom 
m, a o6biMHyio HbiOTOHOBCKyio Maccy m b CTO Ha3BiBaiOT Maccofl noKOH n HannHaiOT 060- 
3HaMaTB m . 3to CMeinemie ,a,Byx h3bikob („(ppaHn;y3CKoro c HHJKeropoflCKHM") ypo/jyeT 
npeKpacHyio Teopnio, npnBO,a,HT k HeBOo6pa3HMon nyTamme, jjjijnnencH y>Ke cto jieT, npe- 
nsTCTByeT noHHMaHHio cyra CTO. A „pejiHTHBHCTBi-dpnjiococpBi'' yTBepjK^aiOT npn stom, 
hto HBiOTOHOBCKas MexaHnxa hko6bi He aBjiaeTCH npeflejiBHBiM cnynaeM anHniTenHOBCKon 

H HTO 3TH JXBe TeOpHH HKoGbl HeCOH3MepHMBI. 

B pe3yjiBTaTe o6paTHoro B03,a,eHCTBHH MaccoBofl KyjibTypbi Ha HaynHyio jiHTepaTypy, b 
jiynnieM yne6HHKe no cpn3HKe XX Bexa, BBiniejxnieM b 1960-x ro,a,ax, - „ OenHMaHOBCKHx 
jieKininx no cpH3HKe"[15] bo MHornx rjiaBax noBTopneTCH yTBep^K^eHne, hto corjiacHO Teo- 
pnn OTHOCHTejitHOCTH, Macca pacTCT c poctom ckopocth. To me yTBepjK^aeT n MajieHBKaa 
nonyjiapHaa KHHJKenKa JIaH,zi,ay n PyMepa „Hto Taxoe Teopna OTHOCHTejiBHOCTH?" [16]. 
(3Ta KHnra 6bijia HanncaHa b 1930-x ro^ax, /op apeera o6onx aBTopoB, a Bbinijia H3 nena- 
th b 1950-x ro^ax, nocjie ocBo6ojKfleHHH PyMepa H3 ccbijikh. (JIaH,a,ay npo6biji b TiopbMe 
rofl.)) „TeopnH nana" JlaH^ay n Jlncpmnna [13], BBinie^niaH H3 nenaTH b 1940-x ro^ax, 
6bijia nepBbiM yne6HHKOM b Mnpe, b kotopom Macca nocjiejjpBaTejiBHO He 3aBncejia ot cko- 
pocTH. TeM He MeHee, noHHTne SHepran noKOs h chmboji Eq b Hen OTcyTCTBOBajin, a cpop- 
Myjia BnHniTenHa 6bijia ,a,aHa b dpopMe E = mc 2 . 3to HecooTBeTCTBne coxpaHHjiocb ^ajKe 
b nocjieflHeM H3flaHHH KHnra, BBinie^nieM b XXI Bexe. rioncTHHe, hhkto He coBepnieHeH. 
He coBepnieHeH Hani h3bik: „mbicjib H3peneHHaH ecTB jiojkb". 

HeB03MOJKHO B 3TOH KpaTKOH 3aMeTKe nepeHHCJIHTB KHHrH H CTaTBH aBTOpOB , C03iJ,aB- 
UIHX TeOpHK) OTHOCHTejiBHOCTH, HO HX JierKO HaHTH, eCJIH KJIHKHyTB rffliep-CCBIJIKH [1], [2], 

[7], [14], [17], [18], npHBejj,eHHBie HHJKe. Ce^BMaa ranep-ccbijiKa [19] coflepxcnT cjianjini jj,o- 
Kjiafla o tom, hto Bee npenoja,aBaHHe cpH3HKH ROjimno 6bitb ocHOBaHO Ha flByx (pyHflaMeH- 
TajiBHBix KOHCTaHTax npnpojoni: c h h. Onepnpys: sthmh jj,ByMH koh CTaHTaMH , a npe,a,nojia- 

raiO H3JIOJKHTB OCHOBBI CpH3HKH B MajieHBKOH KHHJKeHKE „A3BI CpH3HKn" Ha CTa CTpaHHHaX. 

Bjiaro^apHOCTH 

51 6jiaro,a,apeH 3pHKe TyjiHeBOH, Mapexy KapjiHHepy, 3jie h BnTajinio Khchhbim, ,ZImht- 
pHio Ha,a,e:>KHHy, Bopncy OKyHio h 3ypa6y CHjiara,a,3e, o6meHHe c hhmh noMorjio MHe Ha- 
nncaTB 3Ty 3aMeTKy. 

Pa6oTa nojjji,epjKaHa rpaHTOM npe3H,a,eHTa P<E> HH1-4172.2010.2. 
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